The utilization of activated carbons as catalyst supports for the treatment of gaseous effluents contaminated with volatile organic compounds allows advantage to be taken both of the adsorption of the pollutant on the welldeveloped porous texture of activated carbons and the possibility of an efficient catalytic conversion. The step of catalyst impregnation should be optimized to obtain a catalyst dispersion compatible with good conversions at sufficiently low temperatures.
INTRODUCTION
The reduction of volatile organic compounds (VOCs) in atmospheric emissions can be achieved through the use of activated carbons as adsorbents, taking advantage of their porous textures where a well-developed microporosity is particularly important (Zou and Han 2000; Nouri and Haghseresht 2002) . Nevertheless, to protect the environment, the destruction of VOCs is usually more convenient than their fixation on adsorbents. The utilization of activated carbons as catalyst supports for the treatment of gaseous effluents contaminated with VOCs enables advantage to be taken of both the enhanced retention of organic pollutants in the porous system of the carbon and the possibility of complete oxidation at lower temperatures due to the presence of the catalyst. However, a very high activity at low temperature is necessary to promote almost complete conversion of the organic pollutants without significant loss of carbon by gasification. To achieve this, a good dispersion of catalyst is required, since this regulates the conversion efficiency in those pores where pollutants can access and be converted. Thus, the step of catalyst impregnation should be optimized in order to obtain a dispersion of impregnated catalysts compatible with good conversion at sufficently low temperatures.
Metal species such as platinum, gold and silver can be used as catalysts. However, less expensive alternatives like transitional metal oxides have been considered in several studies (Alvim-Ferraz et al. 1999; Choudhary et al. 1999; De la Puente et al. 1998) . The texture of the resulting carbon is strongly dependent on the raw materials employed and the methodology of preparation. When the impregnation is performed after the activation step, the metal compounds are deposited on the internal surface. A portion of the initial micro-and meso-pore texture is blocked, leading to a decrease in their respective volumes (Choudhary et al. 1999; Molina-Sabio et al. 1994) . The most significant effects of impregnation occur in the wider micropores and mesopores, with the smallest pores remaining free from impregnant.
To obtain a good distribution of the active phase combined with a suitable pore texture, studies were carried out on the impregnation of a suitable carbon precursor; these studies showed that the resulting impregnated active carbons had good characteristics (Alvim-Ferraz 1988 , 1989 . Thus, when the raw or activated material is impregnated, the influence of the methodology employed on the texture and on the catalyst dispersion has already been well studied. Some authors have stated that heat treatment of the impregnated species in an inert atmosphere leads to the reduction of the metals with simultaneous oxidation of the carbon (Molina-Sabio et al. 1994) . Hence, to avoid such metal reduction during carbonization, impregnation can be performed on the already-carbonized carbon precursor (between the carbonization and activation stages). Using this methodology, it should be possible to take advantage of the porous texture already created during carbonization. The impregnated species already present during the activation step catalyzes gasification of the carbon, thereby leading to a suitable enlargement of the porous texture (Alvim-Ferraz et al. 1999) .
The work described in this paper was undertaken with the aim of analyzing the textural evolution of impregnated active carbons when the impregnation step (with CoO, Co 3 O 4 or CrO 3 ) was performed after carbonization, since knowledge of this process is still limited. Activated carbons were prepared using industrial by-products and wastes (nutshells and pinewood sawdust) selected according to their carbon content, cheapness and availability (Zou and Han 2000; Fernandez et al. 2001; Daud et al. 2000; Lua and Guo 2000) .
EXPERIMENTAL
Crushed nutshells and pinewood sawdust were used as carbon precursors for the preparation of the impregnated active carbons reported herein. The fraction with an average size of 0.063 cm was washed with an acid solution in order to reduce the sulphur and ash content of the carbons. The acid was totally removed with distilled water and the sample was then dried. Carbonization was conducted in a silica reactor placed in a tubular furnace under flowing nitrogen. A heating rate of 10 K/min was employed to a temperature of 1123 K, which was maintained for 60 min. The weight loss was determined by weighing the sample before and after carbonization. Activation was achieved by partial gasification of the carbon with CO 2 at 1098 K, followed by a controlled cooling step at a rate of 20 K/min down to ambient temperature (Alvim-Ferraz et al. 1999 ). The activation weight loss was also determined. The activation time to achieve a weight loss of 30% was determined for all the carbons, with the aim of evaluating the influence of the different catalysts present during the activation step (Alvim-Ferraz and Gaspar 2003a) .
Two series of impregnated active carbons were prepared in order to analyze the influence of the catalyst impregnation methodology on catalyst dispersion in the porous texture of the carbon. One series studied the following sequence of steps on the treatment of each raw material: Carbonization, Activation and Impregnation, being designated as XCAI (depending on the raw material, X will be N for nutshells and S for sawdust). The other series was prepared with a different sequence of steps in the treatment of each raw material: Carbonization, Impregnation and Activation, being designated as XCIA.
To ensure that all the solution was retained in the texture of the impregnated material, the impregnation was carried out using the incipient wetness method (Molina-Sabio et al. 1994) . The volume of impregnant solution was determined by the porous volume to be filled; the contact time was chosen such that the impregnated material had a dry appearance (after ca. 10 min). The impregnation temperature was 294 K. The resulting metal content was determined by flame atomic absorption spectrometry, after treatment of the samples with nitric acid. The final chemical states and sizes of the impregnated species were determined via X-ray diffraction (XRD) methods.
For both series of samples, i.e. XCAI and XCIA, the deposition of CoO was effected by impregnation with cobalt nitrate solutions prepared using Co(NO 3 ) 2 6H 2 O. With the XCAI series, a solution volume of 0.6 cm 3 was used to impregnate each gram of activated carbon. In order to obtain impregnated active carbons with two different metal contents, solutions with cobalt concentrations of 25.9 g/dm 3 and 52.1 g/dm 3 were used; the final cobalt loadings were 1.5% and 3.0%, respectively. These carbons are designated below as XCAI/CoO-1.5 and XCAI/CoO-3.0, respectively. With the XCIA series, to obtain final cobalt loadings of 1.5% and 3.0%, 0.06 cm 3 and 0.12 cm 3 of a cobalt solution with a concentration of 183 g/dm 3 were added to each gram of carbonized material. The resulting impregnated carbons are designated below as XCIA/CoO-1.5 and XCIA/CoO-3.0, respectively.
The deposition of Co 3 O 4 was conducted by adding 0.71 cm 3 of a cobaltous acetate solution (42.6 g/dm 3 in cobalt) to each gram of the carbonized material. A solution of sodium carbonate was then used in a ratio of 1:5 to precipitate the cobaltous carbonate. After washing with distilled water and drying under vacuum at 333 K, the carbonate was decomposed to Co 3 O 4 by heating in air at 528 K (Alvim-Ferraz et al. 1999) . The deposition of Co 3 O 4 was only performed for the XCIA series, the carbon obtained being designated below as XCIA/Co 3 O 4 -3.0.
The deposition of CrO 3 was carried out by impregnating each gram of carbonized material with 0.12 cm 3 of a 1:1 ammoniacal solution containing 0.0800 g of (NH 4 ) 2 CO 3 and 0.0408 g of CrO 3 . The deposition of CrO 3 was only performed for the XCIA series, the carbon obtained being designated below as XCIA/CrO 3 -3.0 (Alvim-Ferraz et al. 1999) .
Carbon samples containing 6% metal were also prepared just to determine the final chemical states of the impregnated species via X-ray diffraction (XRD). Transmission electron microscopy (TEM) was used to compare the external and internal deposition of impregnant on the support through observations of the surface and sections of the material. The impregnated activated carbons were dried for 45 min at 383 K and packed under vacuum for further use. The sequential steps of carbon preparation and the respective metal contents of the resulting carbons studied in this work are summarized in Table 1 .
Nitrogen adsorption isotherms at 77 K were used to evaluate the textural parameters of the carbons. Measurements were conducted using a Micromeritics 2700 flow sorptometer, the samples studied being first outgassed at 473 K for 15 h and then weighed. The results were expressed in relation to the unit mass of outgassed carbon. The true adsorption equilibrium was guaranteed by checking the adsorption at regular intervals and following it over long time periods. All isotherms were repeated at least once to obtain reproducible results. Apparent and real densities were determined, respectively, via mercury and helium porosimetry measurements (Alvim-Ferraz et al. 1999) .
BET theory was used for calculating the total specific surface areas (S BET ) of the carbons. For comparison, these areas were also calculated via the t-method (S t ) (Choma et al. 2002) . The non-microporous specific surface areas were also calculated using the t-method (S´t). The thickness of the adsorbed layer was determined using the t L -values published by Lecloux et al., corrected by taking account of the BET constants for the carbon and for the respective standard (Alvim-Ferraz 1989) . The micropore volume (V mi ) was calculated using the Dubinin-Astakhov equation (DA) applied to the micropore adsorption whenever the Dubinin-Radushkevich equation (DR) could not be applied (Kadleck 2001) : (1) where V is the volume adsorbed in the microporous texture, A is the differential molar work of adsorption, E is the characteristic energy of adsorption and n an adjustable parameter that depends on the micropore-size distribution. The value of n ranges typically from 1 to 3, with 2 being that employed for the DR equation. Smaller values of n may be related to heterogeneous microporesize distributions with a significant contribution of larger micropores (equivalent radii of 7-8 Å and 15-16 Å). Higher n values are related to homogeneous micropore-size distributions with a significant contribution of smaller micropores (equivalent radius smaller than 6-7 Å) (Baçaoui et al. 2001; Paulsen et al. 1999; Gergova et al. 1994) . For comparison, the micropore volume was also calculated via the t-method (V mi,t ). The mesopore volume was obtained by deducting the Alvim-Ferraz and Carla M.T.B. Gaspar/Adsorption Science & Technology Vol. 21 No. 10 2003 micropore volume from the volume adsorbed at a relative pressure of 0.95. The total pore volume was determined via the apparent and real densities.
RESULTS AND DISCUSSION
The two impregnating methodologies employed led to completely different carbon texture evolutions. For this reason, they need to be analyzed separately.
XCAI series: impregnation after activation
The data listed in Table 2 were calculated in order to analyze the textural evolution of the impregnated active carbons NCAI/CoO-1.5, NCAI/CoO-3.0, SCAI/CoO-1.5 and SCAI/CoO-3.0 relative to the corresponding original activated carbons (NCA and SCA, respectively). These data show that NCA had a microporous texture associated with pores of larger sizes, while SCA was an essentially microporous activated carbon with a small contribution of meso-and macro-porosity. These generic characteristics for the impregnated carbons did not differ significantly from those for the respective original activated carbons. Figure 1 shows the nitrogen adsorption isotherms at 77 K for NCA, NCAI/CoO-1.5, NCAI/CoO-3.0, SCA, SCAI/CoO-1.5 and SCAI/CoO-3.0, confirming the porous textures referred to above. It may be observed, for both raw materials, that impregnation led to a decrease in both the total and non-microporous surface areas, as well as in the micropore and mesopore volumes. It will also be noted that V mi and V mi,t were similar in value which may be related to a homogeneous micropore-size distribution involving micropores of small sizes (Alvim-Ferraz et al. 1999; Molina-Sabio et al. 1994) . Although the metallic species present in the impregnated carbons made no contribution to the adsorption process, they did contribute to the weight. This was taken into account in quantifying the variation in the porosity parameters associated with the impregnation (Molina-Sabio et al. 1994) . The X-ray diffraction analyses indicated that cobalt was present as CoO. This information was employed in the correction of the data listed in Table 2 to calculate the variation in porosity parameters expressed in Table 3 .
The estimated volumes of impregnated CoO in NCAI/CoO-1.5 and NCAI/CoO-3.0 were, respectively, 3.5 × 10 3 and 6.9 × 10 3 cm 3 /g carbon. The corresponding values for SCAI/CoO-1.5 and SCAI/CoO-3.0 were, respectively, 3.4 × 10 3 and 6.8 × 10 3 cm 3 /g carbon. These values were significantly lower than the decrease in micro-and meso-porosity, indicating that part of the initial pore texture was blocked in both raw materials. The decrease in V mi suggests that part of the smaller micropores became inaccessible to nitrogen molecules. This was confirmed by the microporous distribution obtained via the Medek model that revealed an increase of the mode and mean equivalent radius of the impregnated carbons related to the blocking of the smaller micropores (Alvim-Ferraz and Gaspar 2003b). For NCA, NCAI/CoO-1.5 and NCAI/CoO-3, the mode radii were 8.32, 8.59 and 8.70 Å, respectively, while the equivalent radii were 9.21, 9.51 and 9.63 Å, respectively. For SCA, SCAI/CoO-1.5 and SCAI/CoO-3, the mode radii were 6.77, 7.62 and 8.11 Å, respectively, while the equivalent radii were 7.49, 8.43 and 8.98 Å, respectively. Since the V mi,t values include wider micropores than the V mi values, the larger decrease in V mi,t observed for nutshell carbons indicates that even some of the larger micropores were blocked, probably those allowing access through to smaller ones. This could also have happened with the mesopores, as may be observed from the decrease in the value of V me . As mentioned above, the volume of CoO in the XCAI/CoO-3.0 carbons derived from both raw materials was ca. twice that in the XCAI/CoO-1.5 carbons. Analysis of the data listed in Tables 2 and 3 indicates that, for both raw materials, the larger the volume impregnated, the larger the decrease in V mi , V mi,t , V me and V tot . Hence, the CoO must have been deposited on the internal surface of the activated carbons, blocking part of the initial textures of the micro-and meso-pores. It should be pointed out that this behaviour was independent of the raw material, thereby confirming other published results (Alvim-Ferraz et al. 1999; De la Puente et al. 1998) . and CrO 3 in the activated carbons, a controlled cooling step was performed in the presence of CO 2 at the end of activation. Identification of the metal species was achieved through the use of XRD methods. However, broadening of the diffraction lines associated with crystalline particles of small size and the lattice similarities between CoO and Co 3 O 4 made it quite difficult to distinguish between these compounds, especially at low metal loading. To avoid this difficulty and to confirm the presence of the oxides in the resulting activated materials, XRD experiments were also performed using similar carbon samples but containing 6% metal. The DR plots for all the impregnated carbons of the NCIA series exhibited an upward deviation at higher pressures, indicating that the materials were highly activated carbons containing an important contribution of larger micropores. Thus, extrapolation of the linear portions of the DR plots underestimated the micropore volumes since it excluded the larger micropores. It should be noted that the DR plot for carbon SCIA/Co 3 O 4 -3.0 also exhibited an upward deviation, whereas for SCIA/CoO-1.5, SCIA/CoO-3.0 and SCIA/CrO 3 -3.0 the DR plot had a downward deviation at higher pressures, indicating a significant contribution from smaller micropores. For these various reasons, the DA theory was applied in the analyses of these carbons and the respective parameters calculated (Table 4) .
The textural parameters of the NCIA and SCIA series listed in Table 5 show that, for both raw materials, the impregnated carbons had a microporous structure associated with a developed mesoporosity. For these series of carbons, the impregnant species decreased the total specific surface area but increased the non-microporous specific surface area in all the carbons.
All the impregnated carbons (mainly those prepared from nutshells) had a more developed mesoporosity than the non-impregnated ones. Most authors consider that the desorption isotherm should be used to obtain information about the mesopore distribution. However, in the cases studied here, that isotherm range could not be employed because low-pressure hysteresis was observed with all the carbons. According to previous studies, such hysteresis may be related to modifications induced on the fragile textures of the carbons at the higher pressures employed to cover the adsorption range (Alvim-Ferraz 1983) . As some authors consider that the adsorption range of the isotherm can also be utilized to obtain information about the mesopore distribution, studies were developed using the methodologies of Pierce, Brunauer and Broekhoff/de Boer. However, the results obtained had no physical meaning, probably because the adsorption range of the isotherm for this type of carbon was not adequate to obtain information regarding the mesopore distribution. The microporous distributions obtained using the Medek model showed that impregnation after carbonization led to an increase in the micropore volume of the wider micropores in contrast to the situation with non-impregnated carbons (Alvim-Ferraz and Gaspar 2003b) . For NCIA/ CoO-1.5, NCIA/CoO-3.0, NCIA/Co 3 O 4 -3.0 and NCIA/CrO 3 -3.0, impregnation increased the number of pores with sizes greater than 11.5, 13.5, 11 and 10 Å, respectively; for SCIA/CoO-1.5, SCIA/CoO-3.0, SCIA/Co 3 O 4 -3.0 and SCIA/CrO 3 -3.0, impregnation led to an increase in pores with sizes greater than 9, 10, 11 and 9 Å, respectively. As larger micropores offer a significant deposition surface, this would lead to an improved catalyst efficiency that is also particularly favoured by easier access to the catalyst through the wider micropores. The corrections already referred to for the NCAI and SCAI series were employed in calculations of the variation in the porosity parameters of the NCIA and SCIA series listed in Table 6 .
To analyze the influence of metal loading during the activation step, the carbons impregnated after carbonization with different amounts of CoO (NCIA/CoO-1.5, NCIA/CoO-3.0, SCIA/ CoO-1.5 and SCIA/CoO-3.0) were compared. Figure 2 compares the respective nitrogen adsorption isotherms at 77 K with those for NCA and SCA. The data recorded in Table 6 show that, for both raw materials, impregnation decreased the micropore volumes and led to an increase in both the mesopore and total volumes. The differences between the micropore volumes and the mesopore and total pore volumes increased with increasing metal content.
Previous studies have suggested that the metal species acts as a catalyst during the activation step (Alvim-Ferraz et al. 1999) . This was confirmed by the time necessary to achieve the same weight loss during the activation step, since the presence of 1.5% or 3.0% CoO led to a decrease in that time of 50% and 67%, respectively. Hence, CoO acted as a catalyst during the activation step, allowing faster gasification and a better development of the porous texture. Larger pores 904 would develop essentially near the places where metal species acted as catalysts, the final texture depending on the distribution of deposited catalyst in the carbonized material. From the values of DV tot and DV me , it may be concluded that, for both raw materials, a higher metal loading led to a greater enlargement of the texture of the activated material. Nevertheless, if a poor catalyst distribution existed, small-sized micropores would remain at those locations where the metal species were absent, leading to a micropore-size distribution which was completely different for nutshell and sawdust carbons. The observed DR plot deviations at higher pressures and the n values expressed in Table 4 show that nutshell-impregnated carbons (NCIA/CoO-1.5 and NCIA/CoO-3.0) had a heterogeneous micropore-size distribution with a significant contribution due to larger micropores (n < 2). Since the value of n decreased with increasing metal loading, it may be concluded that increasing metal content led to an enlargement of the micropores. In the meantime, it should be noted that the sawdust-impregnated carbons (SCIA/CoO-1.5 and SCIA/CoO-3.0) exhibited n values that were greater than 2. This suggests that the sawdust-impregnated carbons had a homogeneous micropore-size distribution with the micropore sizes decreasing with increasing metal content.
As stated above, the development of pores was mainly associated with those places in the texture accessed by the metal species and directly related to the dispersion of catalyst on the different carbonized raw materials. To evaluate the catalyst dispersion on the support, transmission electron microscopy (TEM) was employed to compare the external and internal deposition of impregnant on the carbonized material. However, the images of the surface and internal sections obtained only allowed a qualitative comparison between internal and external deposition. Poor internal deposition of the metal species was observed with carbonized sawdust, with narrow micropores being formed at those places where no deposition of metal species occurred. Increasing the metal loading led to the enlargement of some wider micropores into mesopores. As a result, the micropore volumes decreased and their size distribution shifted to a smaller micropore diameter as the metal content of the materials increased. These results are consistent with those obtained from DR analyses for the SCIA series. TEM observations clearly showed a better internal deposition of metal species in carbonized nutshells, allowing catalyst access to sites where micropores of a large size could develop. Again, for nutshell-activated carbons, catalytic activation of some larger micropores occurred; the increase in metal loading allowed enlargement of wider micropores to mesopores, thereby decreasing the micropore volumes. As a consequence, mesopore and total pore volumes also increased with increasing metal content. Nevertheless, in comparison to sawdust carbons, the mesopore volumes exhibited by the nutshell materials were clearly greater, in agreement with the better internal dispersion of metal species shown by TEM images of either carbonized or activated nutshells.
These results suggest that the metal species in nutshell-activated carbons were deposited mainly in a very well developed mesoporous texture. On the other hands, in sawdust-activated carbons, deposition of metal species occurred in a not too well developed mesoporous texture.
The influence of the chemical state of the catalyst could be analyzed by comparing the evolution of porosity parameters in the NCIA/CoO-3.0, NCIA/Co 3 O 4 -3.0, SCIA/CoO-3.0 and SCIA/Co 3 O 4 -3.0 samples. Analysis of the XRD spectra employing the Scherer formula enabled the estimation of the following average crystal sizes: (i) 19 Å and 24 Å for CoO and Co 3 O 4 , respectively, in nutshell-impregnated carbons; and (ii) 24 Å and 30 Å for CoO and Co 3 O 4 , respectively, in sawdust-impregnated carbons. In terms of the estimation methodology employed, these sizes are of sufficient magnitude to be considered real. In consequence, they indicate that the Co 3 O 4 crystals exhibited a larger size implying to a poorer distribution (Alvim-Ferraz and Gaspar 2003a) . However, this poorer distribution would be compensated by the better catalytic activity of Co 3 O 4 during the activation step (Alvim-Ferraz et al. 1999 ) that would be further enhanced by the larger increase in the total pore volume of XCIA/Co 3 O 4 -3.0 relative to that of XCIA/CoO-3.0. Indeed, for XCIA/Co 3 O 4 -3.0 and XCIA/CoO-3.0, the activation time for a weight loss of 30% was found to be 15 min and 20 min, respectively. This result suggests that Co 3 O 4 exhibited a remarkable ability during catalytic activation.
The data listed in Table 6 indicate that, for sawdust and nutshell carbons, the same cobalt load induced a smaller decrease in the micropore volume (V mi ) and a larger increase in the mesopore volume for both NCIA/Co 3 O 4 -3.0 and SCIA/Co 3 O 4 -3.0. As the quantity V mi,t involves wider micropores than V mi , this value should be smaller than V mi,t if the larger micropores make a significant contribution. This was the case for NCIA/Co 3 O 4 -3.0, the only carbon that exhibited an increase even in the value of V mi,t . This means that for nutshell carbons some small micropores developed into larger ones. This is confirmed by the magnitude of the parameter n of the DA equation expressed in Table 4 that exhibited the smallest value for NCIA/Co 3 O 4 -3.0. For sawdustimpregnated carbons, the parameter n of the DA equation was greater than 2 for SCIA/CoO-3.0 and smaller than 2 for SCIA/Co 3 O 4 -3.0. This means that, of the sawdust carbons, the latter was the one with the largest micropores despite the fact that it showed no increase in V mi,t as occurred for NCIA/Co 3 O 4 -3.0. The results obtained lead to the conclusion that Co 3 O 4 was the most efficient catalyst in the activation step for both nutshell and sawdust carbon. However, the development of an enlarged porous texture occurred mainly with nutshell carbons.
Samples NCIA/CoO-3.0, NCIA/Co 3 O 4 -3.0, NCIA/CrO 3 , SCIA/CoO-3.0, SCIA/Co 3 O 4 -3.0 and SCIA/CrO 3 -3.0 derived from both raw materials contained the same mass percentage of metal in different states and species. As a result, it was possible to compare the influence of the catalyst type from the porosity parameters of these materials. Figure 3 shows a comparison of the nitrogen adsorption isotherms at 77 K for these materials with those of NCA and SCA. As can be deduced from the data in Table 6 , irrespective of the raw material employed, the same percentage of cobalt and chromium led to a decrease in the micropore volume and an increase in the mesopore and total pore volumes for all three carbons.
It is well known that cobalt oxides are better catalysts for oxidation reactions than chromium oxides. In addition, the TEM experiments indicated that CrO 3 was deposited mainly on the external surface of the carbon. Thus, the results expressed in Table 6 indicate that chromium induced the smallest increase in mesopore and total pore volumes for both raw materials, suggesting that CrO 3 was the least efficient catalysts for the activation step. This is confirmed by the activation time necessary to attain a weight loss of 30%, i.e. 40 min for XCIA/CrO 3 -3.0 -the greatest for all the impregnated carbons. Hence, it may be concluded that CrO 3 was the least efficient catalyst for the activation of both raw materials studied.
CONCLUSIONS
The activated carbon prepared with nutshells had a microporous texture associated with largersized pores, whilst that prepared with pinewood sawdust was essentially microporous with a small contribution of meso-and macro-porosity.
When impregnation was conducted after activation for both raw materials, the impregnant species decreased the total and non-microporous surface areas as well as the micropore and mesopore volumes. Impregnant species were deposited on internal surfaces, blocking part of the initial micropore and mesopore textures.
For both raw materials, when impregnation was conducted between carbonization and activation, the metal species introduced acted as catalysts during the activation step, allowing the better development of a porous texture whose nature depended strongly on the raw material and the catalyst distribution in the carbonized material. A well-developed pore texture appeared mainly where the metal species had access; where the metal species was not present, the texture remained microporous with pores of small sizes.
The results obtained lead to the conclusion that, for both nutshell and sawdust carbons, CrO 3 was the least efficient catalyst in the activation step while Co 3 O 4 was the most efficient. The latter catalyst allowed the development of an enlarged porous texture mainly with nutshell carbons. The impregnated active carbon NCIA/Co 3 O 4 -3.0 exhibited micropores of the largest size together with the largest volumes of mesopores and total pores, thereby allowing the best dispersion of metal species in the porous texture. Sawdust carbons generally retained a microporous texture with very narrow pores at those sites where catalysts were not deposited. total specific surface area of the carbons calculated via the BET theory S t total specific surface area of the carbon calculated via the t-method S¢ t non-microporous specific surface area associated with mesopores calculated via the t-method TEM transmission electron microscopy V me mesopore volume V mi micropore volume calculated via the DR or DA equations V mi,t micropore volume calculated via the t-method V tot total pore volume VOCs volatile organic compounds XCAI carbon series obtained with the following step sequence: carbonization, activation and impregnation (raw material: nutshell or sawdust) XCIA carbon series obtained with the following step sequence: carbonization, impregnation and activation (raw material: nutshell or sawdust) XRD X-ray diffraction
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